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Background and aims: Reconstruction of digestive tract after pancreaticodudenectomy now has been
proved associated with pancreatic ﬁstula and complication incidence. The meta-analysis was conducted
at the appropriate time enough randomized controlled trials were reported. Methods: Systematically
literature search was performed through PubMed, EMBASE and Cochrane Library database without re-
striction to regions, or languages, only randomized controlled trials was included. 7 studies compared
pancreatogastrostomy with pancreaticojejunostomy were included for meta-analysis. Fixed and random-
effects models were used to measure the pooled estimates. Results: Patient underwent pancreatogas-
trostomy after pancreatoduodenectomy suffered less pancreatic ﬁstula(p ¼ 0.001) and bile leakage
(p ¼ 0.02), while the operative time, hospital stay, delayed gastric emptying and overall morbidity were
comparable. Conclusion: Pancreatogastrostomy is a recommended anastomosis technique according to
the meta-analysis due to minimize incidence of pancreatic ﬁstula and bile leakage.
© 2014 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Mortality after pancreaticoduodenectomy (PD) has fallen below
5% [1e3], butmorbidity rates remain 30e65% [3]. Themost common
complications after PD are delayed gastric emptying, pancreatic
ﬁstula, and wound infection, which affects mortality rate, length of
hospital stay, and costs [4]. Pancreatic ﬁstula has a central role in the
development of other intra-abdominal complications, with a fre-
quency of 6%e14% [5e7]. Therefore to avoid leakage of pancreatic
juice from anastomosis site manifests an important role in clinic.
Until now, various preventive measures have been proposed
[8,9], including methods to decrease pancreatic secretion or vari-
ations in anastomotic techniques: such as pancreaticojejunalby Elsevier Ltd. All rights reservedanastomosis technique (PJ), reconstruction with pancreatic-
ogastrostomy (PG) and placement of pancreatic duct stents.
Nevertheless, the best method to restore pancreatic digestive
continuity is still debated. Thus, it is important to discuss the
proper method of GI tract reconstruction after PD with pooled re-
sults from high quality studies, to help ﬁnd a better approach for
the management of patients underwent PD.
2. Methods
2.1. Literature strategy
Comprehensive literature search was performed through
PubMed, EMBASE and the Cochrane Library (last search date:
December 16, 2013), without restriction to regions, publication
types, or languages. We used the following MeSH terms and/or text
words: ‘pancreatic neoplasm’, ‘pancreatic cancer’, ‘pancreatic.
Table 1
Characteristics of included studies of meta-analysis.
Author Year Cases PG/PJ Age PG/PJ Gender
male of PG
PF deﬁnition Texture Diameter Surgery
Bassi [13] 2005 69/82 59/56 44/51 Any clinical signiﬁcant output of ﬂuid, rich in amylase, conﬁrmed
by ﬁstulography
soft 5 mm PD
Duffas [14] 2005 81/68 58/59 51/35 Fluid obtained through drains containing at least 4 times normal
serum values of amylase for 3 days, or radiologically,
soft/hard  3 mm PPPD/PD
Fernandez [15] 2008 53/55 63/63 29/38 ISGPF soft/hard  3 mm PPPD
Topai [16] 2013 162/167 67/66 91/100 ISGPF NA  3 mm PPPD/PD
Ulrich [17] 2012 59/57 67/64 27/29 ISGPF soft/hard  3 mm PPPD/PD
Yeo [18] 1995 73/72 62/62 33/38 Radiographically documented leak or >50 mL drainage of amylase
rich ﬂuid on or after postoperative day 10
soft/hard  3 mm PPPD/PD
Figueras [19] 2013 65/58 67/66 44/37 ISGPF soft/hard  4 mm PPPD/PD
NA ¼ not available.
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‘pancreaticojejunostomy’, ‘pancreaticogastrostomy,’ and ‘pancre-
atic anastomosis’ combined with ‘randomized controlled trials’,
‘randomized controlled trial,’ ‘random allocation’, ‘double-blind
studies,’ and ‘single-blind studies’. Our computer search was sup-
plemented with manual searches of reference lists of all retrieved
review articles.
2.2. Study selection
Only randomized controlled trials compared the perioperative
outcomes between PG and PJ were included. The exclusion criteria
were observational studies, no-randomized studies, non-
comparable studies, non-human studies, experimental trials, re-
view articles, editorials, letters and case reports, and articles not
reporting the outcomes of interest.
2.3. Data extraction and outcomes of interest
Two reviewers (PR Lei and JF Fang) independently considered
the eligibility of potential titles and abstracts. When there was a
disagreement, the full-text evaluation was taken. Data were
extracted independently and in duplicate by another two reviewers
(ZH Zheng and Y Huang); discrepancies were resolved by mutual
discussion. Study quality for RCTs was judged using the Jadad Scale
[10] showed in Table 3.
All the studies were reviewed for the following data:
 Patients' characteristics: number of patients, age, gender,
texture of pancreas, diameter of pancreatic duct and surgical
approach, deﬁnition of each complicationTable 2
The results of meta-analysis comparison of PG and PJ group after pancreaticodudenectom
Outcomes No. of studies included All patients of PG group All
Overall complication 6 503 50
Pancreatic ﬁstula 7 562 55
Bile leakage 5 341 33
Fluid collection 6 400 39
DGE 6 481 49
Hemorrhage 6 489 48
Reoperation 5 424 42
Mortality 5 436 43
Operative time 6 493 47
LOS 6 493 47
DGE ¼ delayed gastric emptying.
LOS ¼ length of hospital stay.
PG ¼ pancreaticogastostomy.
PJ ¼ pancreaticojejunostomy.
P ¼ 0.001, the incidence of pancreatic ﬁstula is higher in PJ group than that of PG group Operative outcomes: operative time, estimated blood loss,
mortality rate, length of hospital stay and reoperation rate,
 Peri-operative complications such as bleeding, pancreatic ﬁs-
tula, biliary leak, delayed gastric emptying and wound infection.
2.4. Statistical analysis
All the meta-analyses were performed using Review Manager
5.1 (Cochrane Collaboration, Oxford, UK). The weighted mean
difference (WMD) and odds ratio (OR) were used to compare
continuous and dichotomous variables, respectively. All results
were reported with 95% conﬁdence intervals (CIs). For studies
that presented continuous data as means and range values, the
standard deviations were calculated using the technique
described by Hozo et al. [11]. Statistical heterogeneity between
studies was assessed using the chi-square test with signiﬁcance
set at p < 0.10, and heterogeneity was quantiﬁed using the
I2statistic.The random-effects model was used if there was het-
erogeneity between studies; otherwise, the ﬁxed-effects model
was used [12].
3. Results
3.1. Study characteristics
Through electronic searches, 733 articles were retrieved; ﬁnally
only seven randomized controlled trials were included [13e19],
involving 1121 patients (562 for PG and 559 for PJ after pan-
creaticodudenectomy). Table 1 displays the characteristics of each
study and Fig. 3 illustrates the study screening and selection
process.y.
patients of PJ group WMD/OR (95%CI) P value Heterogeneity
I2% p value
2 0.91 [0.70, 1.17] 0.46 31 0.20
9 0.60 [0.44, 0.82] 0.001 0 0.51
5 0.33 [0.13, 0.82] 0.02 26 0.25
2 0.58 [0.29, 1.13] 0.11 47 0.09
1 0.98 [0.53, 1.82] 0.95 59 0.03
7 1.29 [0.85, 1.96] 0.24 0 0.88
9 0.96 [0.61, 1.52] 0.87 0 0.85
2 0.82 [0.43, 1.58] 0.56 0 0.84
7 0.04 [-0.13, 0.22] 0.63 82 P < 0.0001
7 1.45 [-3.41, 0.52] 0.15 95 P < 0.0001
. P ¼ 0.02, the incidence of bile leakage is higher in PJ group than that of PG group.
Table 3
Jadad score of the included studies of meta-analysis.
Author Randomize
generation
Blinding Description of withdraws and
drop-outs
Score
Bassi [13] Adequate Improper Numbers and reasons described 3
Duffas [14] Adequate Double
blinding
Numbers and reasons described 4
Fernandez
[15]
Inadequate Improper Numbers and reasons
undescribed
1
Topai [16] Adequate Improper Numbers and reasons described 3
Ulrich [17] Adequate Improper Numbers and reasons described 3
Yeo [18] Adequate Improper Numbers and reasons described 3
Figueras [19] Adequate Improper Numbers and reasons described 3
Studies scored more than 2 points are considered as high quality.
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and surgical approach of patients underwent PG and PJ after pan-
creaticodudenectomy were comparable in all studies. Surgical in-
dications were complicated, including the pancreatic
adenocarcinoma, ampullary adenocarcinoma, ductal cancer et al.
Standard PD or pylorus preserved PD was taken in majority of
studies, one study perform standard PD [13], another PP-PD only
[15].
Three of the studies [15e17] described pancreatic ﬁstula deﬁned
by ISGPF [20] as: a drain output of any measurable volume of ﬂuid
on or after postoperative day 3 with amylase content greater than 3
times the serum amylase activity. One study [14] described PF
similar to ISGPF deﬁnition. Others [13,14,18] adopted the self-
deﬁned concepts of pancreatic ﬁstula.Fig. 1. Forest plot and meta-an
Fig. 2. Forest plot and meta-The risks of bias were respectively evaluated by the Jadad Scale
for all studies. Almost all RCTs described the random sequence
production and withdraw situation adequately, performed single-
blind or double-blind method, only one study [15] scored 1point
and considered as low quality.
3.2. Perioperative complications
Pooling data from all RCTs assessed overall perioperative
complication (both intra-operative and postoperative complica-
tions), such as pancreatic ﬁstula, delayed gastric emptying, biliary
leak and hemorrhage, showed no signiﬁcant difference between
both groups (OR: 0.91 [0.70, 1.17]; p ¼ 0.46). Showed in Table 2.
3.2.1. Pancreatic ﬁstula and bile leakage
All studies reported the incidence of pancreatic ﬁstula (PF),
manifested an encouraging result that patients underwent PG
suffered signiﬁcantly less incidence of PF (14.77% vs 22.18% OR: 0.60
CI, 0.44e0.82; p¼ 0.001). Moreover, the bile leakage also decreased
obviously in PG group (1.47% vs 5.07% OR: 0.33, CI, 0.13e0.82;
p ¼ 0.02). Showed in Figs. 1 and 2.
3.2.2. Post-operative hemorrhage, ascites and delayed gastric
emptying
Post-operative hemorrhage incidence was available in 6 studies
[13e17,19], no signiﬁcant differences were found (11.66% vs 9.03%,
OR: 1.29, CI, 0.85e1.96; p ¼ 0.24). The occurrence of ascites or
delayed gastric emptying [13,15e19]also showed comparablealysis of pancreatic ﬁstula.
analysis of bile leakage.
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0.98 CI, 0.53e1.82; p ¼ 0.95).
3.2.3. Reoperation and mortality
5 studies [13e17] reported incidence of reoperation, main
reason was severe pancreatic ﬁstula and intra-abdominal hemor-
rhage. Overall no signiﬁcant differences was found (8.45% vs 8.38%,
OR: 0.96; 95% CI, 0.61e1.52; p ¼ 0.87). Mortality of 5 studies
[13,14,16,17,19] turned out a comparable result (4.13% vs 4.63%,
OR:0.82; CI, 0.43e1.58; p ¼ 0.56). Majority deaths were caused by
pancreatic ﬁstula, intra-abdominal hemorrhage, pancreatitis after
surgery, intra-abdominal or respiratory infection, thrombus or
myocardial ischemia, the accurate percentage was unavailable as
deﬁciency in some studies.
3.3. Operative outcomes
6 studies [14e19] reported operative time and hospital stay of
the 970 included patients, the random-effects model was consid-
ered as appropriate, as test for heterogeneity of both outcomes
being statistically signiﬁcant. The mean operative time was com-
parable in both groups (WMD: 0.04, CI, 0.13e0.22; p ¼ 0.63).Fig. 3. Process of literatureMeanwhile despite different anastomosis was taken, the length of
hospitalization showed outcome without differences
(WMD: 1.45, CI:3.41e0.52; p ¼ 0.15).
4. Discussion
Consequences of PF include morbidity, mortality, increasings
hospital stay and cost. Incidence of PF after PD ranged from 6% to
14%, the reported mortality from 1.4% to 3.7% [21e24]. Moreover,
other complications such as delayed gastric emptying, ileus, wound
infection, intra-abdominal abscess, pancreatitis, hemorrhage, and
sepsis are correlated with pancreatic ﬁstula. Eventually result in
increase in length of hospital stay and cost.
Risk factors for pancreatic ﬁstula include patient-related (age,
gender, jaundice, and malnutrition), disease-related risk factors
(pancreatic pathology, pancreatic texture, pancreatic duct size,
pancreatic juice output), and procedure-related factors (operative
time, resection type, anastomotic technique, intraoperative blood
loss) [9]. In addition, surgeons experience has been shown to
correlate with PF incidence.
Different PJ techniques have been reported, including the site of
jejunum used (end vs. side), the type of anastomosis (binding orreview and selection.
Fig. 4. Funnel plot of pancreatic ﬁstula.
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stenting. Recently some observational studies and RCTs have re-
ported lower pancreatic ﬁstula rate with PG instead of PJ
[13e19,25e28] Thus this meta-analysis was at an appropriate time
because enough randomized clinical trials have been accumulated
for clinical practice.
Four RCTs [13,14,17,18] included in this meta-analysis did not
showanyadvantages toPG; threeRCTs [15,16,19]manifested there is
lower PF incidence in the PG group. Either pancreaticodudenectomy
or pylorus preserved pancreatic-odudenectomy was performed in
majority of the study [14,16e19]. In the speciﬁc details, texture and
duct diameter was comparable in all studies. Patients' age and
gender were also similar after pooling the results. Therefore the
meta-analysis was conducted at the circumstance that patient,
disease and procedure-related risk factors resembled, except the
anastomotic technique. An inspiring result was arisen after data
analysis, manifesting that pancreatic ﬁstula and bile leakage inci-
dence was minimized signiﬁcantly.
Waugh and Claggett reported the ﬁrst pancreaticogastrostomy
anastomosis in 1946 [29], and it has gained favors in recent years.
PG has several potential physiological advantages [18]. First, the PG
anastomosis can be easier to perform, because the posterior wall of
the stomach lies immediately anterior to the mobilized pancreatic
remnant and is always wider than the transected pancreatic neck.
Second, with PG, the pancreatic exocrine secretions enter the
potentially acidic gastric environment, where the low pH prevents
their activation. In contrast with PJ, the activation of pancreatic
exocrine secretions in PG can theoretically occur more easily in the
presence of intestinal enterokinase and a neutral pH. Third, the
performance of PG reduces the number of anastomoses in a single
loop of retained jejunum, thereby potentially decreasing the like-
lihood of loop kinking [18]. Fourthly, once anastomosis hemorrhage
or leakage occurs, it is easy to perform gastroscopy treatment
rather than reoperation. Just as it is, results of this study conﬁrmed
the physiological hypothesis and may provide a possible guidance
for clinical practice.
However, some potential disadvantages of PG have been iden-
tiﬁed, including an increased incidence of delayed gastric
emptying, pancreatic duct obstruction due to overgrowth by the
gastric mucosa and remnant hemorrhage due to acid erosion [8].The funnel plot (Fig. 4) indicated this meta-analysis is of none
obvious publication bias. Between-study heterogeneity was sig-
niﬁcant for operative time and LOS. To conﬁrm reliability of the
pooled estimates, we performed a sensitivity analysis including
only studies scored more than 2 points [13,14,16e19] and no
changes occurred, manifesting the stability of the meta-analysis.
5. Limitations
Although the meta-analysis possibly provides the best meth-
odology, it is usually limited by clinical heterogeneity. The lack of a
uniform surgical approach, PF deﬁnition and other instrument
application may hampered the data analysis and result in clinical
heterogeneity ﬂuctuation. For example, majority of the studies
performed PD or PPPD; but two of them [13,15] individually adopt
PD/PPPD only, one study adopt gastric partition surgery after PPPD,
in another study [15], a pancreatic duct stent was placed across
anastomoses. Moreover, the different deﬁnition of pancreatic ﬁs-
tula also may lead to observational bias. Therefore, one must make
interpretations with caution.
6. Conclusions
Current evidence demonstrates that there was a trend to reduce
the pancreatic ﬁstula and bile leakage through pancreaticogas-
trostomy without compromising surgical safety and efﬁciency.
However, future large-volume, well-designed RCTs with extensive
follow-up are awaited to conﬁrm and update the ﬁndings of the
analysis.
Ethical approval
No.
Funding source
No.
Author contribution
The contribution of each author to the paper, e.g. study design,
data collections, data analysis and writing.Conﬂict of interest
No potential conﬂict of interest relevant to this article was
reported.
Acknowledgment
This study was not supported by any pharmaceutical company
or grants; the cost was borne by the authors' institutions.
P. Lei et al. / International Journal of Surgery 12 (2014) 1444e1449 1449References
[1] M. Trede, G. Schwall, H.D. Salger, Survival after pancreaticoduodenectomy.
118 consecutive resections without an operative mortality, Ann. Surg. 211
(1990) 447e458.
[2] M. Schafer, B.Mullhaupt, P.A. Clavien, Evidence-basedpancreatichead resection
for pancreatic cancer and chronic pancreatitis, Ann. Surg. 236 (2002) 137e148.
[3] J.W. Winter, J.L. Cameron, K.A. Campbell, et al., 1423 pancreaticoduodenec-
tomies for pancreatic cancer: a single-institution experience, J. Gastrointest.
Surg. 10 (2006) 1199e1211, 4. Buchler MW, Friess H, Wagner.
[4] C.J. Yeo, J.L. Cameron, T.A. Sohn, et al., Six hundred ﬁfty consecutive pan-
creaticoduodenectomies in the 1990's: pathology, complications and out-
comes, Ann. Surg. 226 (1997) 248e260.
[5] M.W. Buchler, H. Friess, M. Wagner, et al., Pancreatic ﬁstula after pancreatic
head resection, Br. J. Surg. 87 (2000) 883e889.
[6] A. Mathur, H.A. Pitt, M. Marine, et al., Fatty pancreas: a factor in postoperative
pancreatic ﬁstula, Ann. Surg. 246 (2007) 1058e1064.
[7] T.S. Yeh, Y.Y. Jan, L.B. Jen, et al., Pancreaticojejunal anastomosis leak after
pancreatoduodenectomy: multivariate analysis of perioperative risk factors,
J. Surg. Res. 67 (1997) 119e125.
[8] S. Osada, H. Imai, Y. Sasaki, Y. Tanaka, K. Nonaka, K. Yoshida, Reconstruction
method after pancreaticoduodenectomy. Idea to prevent serious complica-
tions, J. Pancreas 13 (1) (2012 Jan 10) 1e6.
[9] Norman Oneil Machado, Pancreatic ﬁstula after pancreatectomy: deﬁnitions,
risk factors, preventive measures, and managementdreview, Int. J. Surg.
Oncol. 2012 (2012), 602478.
[10] A.R. Jadad, R.A. Moore, D. Carroll, et al., Assessing the quality of reports of
randomized clinical trials: is blinding necessary? J. Control Clin. Trials 17 (1)
(1996) 1e12.
[11] S.P. Hozo, B. Djulbegovic, I. Hozo, Estimating the mean and variance from
the median, range, and the size of a sample, BMC Med. Res. Methodol. 5
(2005) 13.
[12] J.P.T. Higgins, S. Green, Cochrane Handbook for Systematic Reviews of In-
terventions, Version 5.1.0, The Cochrane Collaboration, Oxford, UK, 2011.
[13] C. Bassi, M. Falconi, E. Molinari, et al., Reconstruction by pan-
creaticojejunostomy versus pancreaticogastrostomy following pancreatec-
tomy: results of a comparative study, J. Ann. Surg. 242 (6) (2005) 767e771
discussion 771e763.
[14] J.P. Duffas, B. Suc, S. Msika, et al., A controlled randomized multicenter trial of
pancreatogastrostomy or pancreatojejunostomy after pancreatoduo
denectomy, J. Am. J. Surg. 189 (6) (2005 Jun) 720e729.
[15] L. Fernandez-Cruz, R. Cosa, L. Blanco, et al., Pancreatogastrostomy with gastric
partition after pylorus-preserving pancreatoduodenectomy versusconventional pancreatojejunostomy: a prospective randomized study, Ann.
Surg. 248 (6) (2008 Dec) 930e938.
[16] B. Topal, S. Fieuws, R. Aerts, et al., Pancreaticojejunostomy versus pan-
creaticogastrostomy reconstruction after pancreaticoduodenectomy for
pancreatic or periampullary tumours: a multicentre randomised trial, J. Lancet
Oncol. 14 (7) (2013 Jun) 655e662.
[17] U.F. Wellner, O. Sick, M. Olschewski, et al., Randomized controlled single-
center trial comparing pancreatogastrostomy versus pan-
creaticojejunostomy after partial pancreatoduodenectomy, J. Gastrointest.
Surg. 16 (9) (2012 Sep) 1686e1695.
[18] C.J. Yeo, J.L. Cameron, M.M. Maher, et al., A prospective randomized trial of
pancreaticogastrostomy versus pancreaticojejunostomy after pan-
creaticoduodenectomy, J. Ann. Surg. 222 (4) (1995 Oct) 580e588 discussion
588e92.
[19] J. Figueras, L. Sabater, P. Planellas, et al., Randomized clinical trial of pan-
creaticogastrostomy versus pancreaticojejunostomy on the rate and severity
of pancreatic ﬁstula after pancreaticoduodenectomy, Br. J. Surg. 100 (12)
(2013 Nov) 1597e1605.
[20] C. Bassi, C. Dervenis, G. Butturini, et al., Postoperative pancreatic ﬁstula: an
international study group (ISGPF) deﬁnition, Surgery 138 (2005) 8e13.
[21] C. Bassi, M. Falconi, R. Salvia, et al., Management of complications after pan-
creaticoduodenectomy in a high volume centre: results on 150consecutive
patients, Dig. Surg. 18 (6) (2001) 453e457.
[22] Y.M. Yang, X.D. Tian, Y. Zhuang, et al., Risk factors of pancreatic leakage after
pancreaticoduodenectomy, World J. Gastroenterol 11 (16) (2005) 2456e2461.
[23] J.L. Cameron, T.S. Riall, J. Coleman, et al., One thousand consecutive pan-
creaticoduodene- ctomies, Ann. Surg. 244 (1) (2006) 10e15.
[24] E.C.H. Lai, S.H.Y. Lau, W.Y. Lau, Measures to prevent pancreatic ﬁstula after
pancreatoduodenectomy: a comprehensive review, Arch. Surg. Chicago 144
(11) (2009) 1074e1080.
[25] J.M. Fabre, J.P. Arnaud, F. Navarro, et al., Results of pancreatogastrostomy after
pancreaticoduodenectomy in 160 consecutive patients, Br. J. Surg. 85 (1998)
751e754.
[26] M. Hyodo, H. Nagai, Pancreatogastrostomy after pancreatoduodenectomy
with or without duct-to-mucosa anastomosis for the small pancreatic duct:
short and long term results, Hepatogastroenterology 47 (2002) 1138e1141.
[27] S.W. Kim, E.G. Youk, Y.H. Park, et al., Comparison of pancreaticogastrostomy
and pancreaticojejunostomy after pancreaticoduodenectomy performed by
one surgeon, World J. Surg. 21 (1997) 640e643.
[28] Takano S, Ito Y, Watanabe Y, et al. Pancreaticojejunostomy versus pan-
creaticogastrostomy in reconstruction following pancreaticoduodenectomy.
[29] J.M. Waugh, O.T. Clagett, Resection of the duodenum and head of the pancreas
for carcinoma, Surgery 20 (1946) 224e232.
